who were to undergo amniocentesis. Their menstrual dates were accurate and did correlate with the neonatal estimation of the gestational age. Prenatal Vitamins and iron Supplements were the only medications taken by these patients. Informed consent was obtained. Immediately after the amniocentesis, while still supine, 20 ml of blood was collected anaerobically in a heparinized glass syringe through percutaneous radial artery puncture under local anesthesia. To a sodium fluoride containing tube 10 ml were added, 5 ml were delivered into another tube, and the heparinized syringe was immediately sealed and immersed in ice. All samples were transported immediately to the 0300-5577/79/0007-0195S02OO © by Walter de Gruyter & Co. · Berlin -New York laboratory. Blood gas analyses were performed with a Radiometer BMS-3-MK-2. Arterial oxygen tension (pa0 2 ), carbon dioxide tension (paC0 2 )
•and pH were measured directly. Plasma bicarbonate (HC0 3^ and base excess (BE) were derived from the SIGGARD-ANDERSEN alignment nomogram [29] . Measured amounts of blood from the fluoride tubes were transferred rapidly to tubes containing chilled trichloracetic acid and the protein free flltrate was used for lactic and pyruvic acid determinations utilizing an enzymatic method, lactic acid dehydrogenase.* All laboratory determinations were run in duplicate. Statistical analyses (t-test, correlation, regression line) were performed using a Statistical package of Computer programs [17, 25] .
Results
The average age of the study patients was 23. 
Discussion
Many studies of acid base balance in pregnancy have been published. However, many discrepant results and questions remain. At least some of these discrepancies are due to differences in blood sampling methods and laboratory techniques. In some studies, the blood specimens were either venous or capillary [7, 15, 24] , while in.others [l, 3, 6] , äs in this study, arterial blood specimens were utilized. The control non-pregnant values are in close agreement with those cited in previous reports [14, 29] . Maternal pa0 2 was reported to be reduced in pregnancy [7, 26] . Other investigators reported higher pa0 2 levels in pregnancy but stated that pa0 2 'did not increase äs much äs expected from hyperventilation [23, 30] . We found that the mean pa0 2 is increased in normal pregnancy over nonpregnant values (99.3 vs 95.0 Torr), in agreement with the more recent reports [l, 3, 28] . The higher paQ 2 values obtained in our study, äs well äs the latter studies, compared to the previous hyperventilation) stimulates the enzyme phosphostudies, are probably due to the use of the sen-fructo-kinase that results in increased glycolytic sitive direct polarographic technique for the production of pyruvate and consequently lactate measurement of the oxygen tension. The in-in both tissues and red blood cells [9, 22] . The creased pa0 2 in pregnancy is presumably due to increased pyruvate and lactate levels observed in the increased alveolar oxygen tension (pA0 2 ) normal pregnancy may result from the same [l, 23] . The latter is caused by a significant mechanism. This is supported by our finding of a reduction in alveolar carbon dioxide tension, statistically significant negative correlation beresulting from a significant increase of the alveolar tween paC0 2 , and blood lactate (r = -0.497, Ventilation [4] , and unaltered alveolar tensions of P= 0.001), and between the pH and blood pyruvate nitrogen and water vapor. In a recent report, there (r= -0.367, P= 0.021). Other possible sources was noevidenceofincreased arteriovenous shunting for increased maternal lactate levels are the fetus or alveolar-arterial p0 2 differences in normal and/or the placenta. However, the studies that pregnancy [28] . were conducted during cesarean section to The mean paC0 2 in this study was 28.8 ± 3.7 Torr, determine the directional transfer of lactate and Others reported the same [3] or alowervalue [7] , pynwate across the placenta are conflicting and but mostly a slightly higher paC0 2 [1, 4, 6, 15, 24] . non-conclusive [8, 13, 18] . Thisissignificantlylowerthaninadultnon-pregnant Significance bands relating appropriate physiofemales, in agreement with the previously cited logic responses of pH (or H 4 ), HCO 3~-and/or BE studies. The reduced paC0 2 presumably facilitates to varying levels of paC0 2 under well-controlled .the elimination of carbon dioxide from fetal blood experimental conditions have been constructed across the placenta [19] . The mean pH wasfound [29] . These bands show, with 95% confidence, to be 7.42 ± 0.03, in close agreement with others these relationships in simple acid-base disturb- [1, 3, 6, 15, 24] . Thisvalue, which corresponds to an ces . Values lying outside these bands strongly hydrogen ion (H + ) concentration of 38 nmoles/L, suggest the existence of a second independent is in the upper ränge of normal in non-pregnant primary i.e. a mixed acid base disturbance [16, females [l5, 29] . Our results confirm the previously 21, 29] . Such bands have been constructed in reported reduced HCO 3 " levels in normal pregnancy humans for acute and chronic hypercapnia [5] [ 1, 7, 14, 15, 24] . The mean blood BE was found m^ acute hypocapnia [2] . Comparable data in man to be -4.22 ± 2.22 mEq/L which is less than in with chronically adapted respiratoiy alkalosis are normal adult women [29] , in agreement with no t available, the longest period of observation previousreports [l,6,7, 14, 24] .
under controlled conditions was 26 hours [12] . Blood lactic acid level in the normal pregnant However, such significance bands were generated women was 1.316 ± 0.66 mmol/L. This agrees from observations on 10 dogs exposed tohypoxewith the average of reported values by different m i c hypocapnia for 1-2 weeks [11]. A steady investigators i.e. 1.25 mmol/L, [14] and represents state was obtained after 4-5 days of stepwise an increase over non-pregnant females, in agreement decrease in atmospheric oxygen from 21% to 9%. with the previously cited report [14] . Our value The mean values of H + and HCO 3 " äs they relate for blood pyruvic acid (0.063 ± 0.04 mmol/L) is to paC0 2 in the normal pregnant women in this lower than the average reported in pregnancy study were found to be within the limits of these (0.19 mmol/L) [14] but higher than nonpregnant confidence bands. This suggests that changes of controls both in our study, and in the latter report acid base balance in pregnancy are simple and [14] . not mixed i.e. sustained respiratory alkalosis In man, increase of blood lactic acid was noted to without an added metabolic acidosis. When inoccur during either active (voluntary) or passive dividual values were plotted, some of the pH hyperventilation while awake or during anesthesia values were below the band (Fig. 1 ) and some [27] . It has been postulated that the decrease of of the HC0 3 " values were above the band (Fig. 2) . intracellular H" of temporary increased hyperventilation and further decrease in paC0 2 due to anxiety at the time of obtaining the blood sample. However, it is possible that these bands are not quite applicable. The experimental design used in their generation is obviously very different from the physiologic changes that occuf in normal pregnant women. Therefore, we proceeded to construct from our data confidence bands correlating the H + concentration (pH) and HC0 3 " to paC0 2 levels. Regression lines were calculated from 43 cases of paired data: H + = 28.3 + 0.335 paC0 2 HC0 3 ' = 4.63 + 0.499 paC0 2 The Standard error of these regression lines at the 95 % level was then calculated and the bands plotted [25] (Figs. 3 and 4) . These bands defme the 95% confidence limits for anticipated response to sustained respiratory alkalosis in normal third trimester pregnant womQn. Based on our data, there is no evidence of metabolic acidosis in pregnancy ashas been suggested by some investigators [7, 15, 24] . The decreases in HC0 3 " and BE were well within the anticipated response for compensation of respiratory alkalosis, and there was no undue increase in blood lactic acid. Pregnancy, therefore, represents a state of "sustained respiratory alkalosis", 'and because the pH is still within the normal r nge, we do not agree with its characterization s "incompletely compensated" respiratory alkalosis [24] . . Unlike acclimatization to high altitudes, which is the other example of such a Status, pregnancy is not associated with hypoxemia. Pregnancy, therefore, is the best and only natural model for this type of acid base Status. The significance bands relating the pH and HC0 3 "" to paCÜ2 levels constructed from these data should be useful äs reference for the evaluation of the acid base Status of patients with sustained respiratory alkalosis, in addition to being a useful reference for the detection ofsuperimposed acid base distrubances in pregnant women.
Summary
The aim of this study was to categorize the acid base Status in normal pregnancy. Blood gases and other acid base parameters were determined in arterial blood samples from 59 normal third trimester pregnant women. Oxygen and carbon dioxide tensions (pa0 2 and paCO 2 ), and pH were measured directly u sing a Radiometer BMS-3-MK-2. Plasma bicarbonate (HCO 3~) , and base excess (BE) were derived from Siggard Andersen alignment nomogram. Blood lactate and pyruvate were measured using an enzymatic; lactic dehydrogenase method. Compared to the non-pregnant state (Tab. I), pa0 2 (99.3 ± 7.8 Torr), blood lactate (1.316 ± 0.66 mmol/L) and blood pyruvate (0.063 ± 0.04 mmol/L) were slightly increased, whüe paCO 2 (28.8 ± 3.7 Torr), HC0 3 -(19.0 ± 2.8 mEq/L), and BE (-4.2 ± 2.2 mEq/L) were markedly reduced. The pH (7.42 ± 0.03) was slightly increased but still in the normal non-pregnant ränge. These changes are thought to be initiated by the stimulant action of progesterone on the respiratory center causing increased alveolar Ventilation. The alveolar tension of CO 2 decreases whüe that of 0 2 increases, resulting in maternal hypocapnia, and increased paO 2 . The sustained hypocapnia would result in alkalosis if it were not for the compensatory mechanisms that lead to a decrease in plasma bicarbonate and base excess. The reduced H+ concentration is known to stimulate the enzyme phosphofructokinase and cause increased glycolytic production of pyruvate and secondarily lactate. This mechanism may explain the slightly increased lactate and pyruvate levels in pregnancy. Pregnancy, therefore, represents a state of sustained respiratory alkalosis that is compensated maximally (i.e. pH is the normal ränge) without evidence of superimposed metabolic acidosis. This was further supported by the fact that the mean values of H + and ( >3~ äs they relate to paC0 2 in the study patients were within the limits of the confidence bands representing chronic hypocapnia (in dogs). Because no comparable bands have been generated in man, so far, and because pregnancy represented a natural model of this unique acid base Status (sustained respiratory alkalosis) without the effects of hypoxemia, äs in individuals living at high altitudes or under experimental conditions, we elected to construct from the data significance bands that correlate the H+, HCOa" concentrations to paCO 2 levels. These bands define the 95% confidence limits for anticipated response in "sustained respiratory alkalosis". These should be useful for the evaluation of the acid base Status of patients with sustained respiratory alkalosis, in addition to being a useful reference for the detection of superimposed acid base disturbances in pregnant women.
Keywords: Acid base equüibrium, bicarbonate, carbon dioxide, hyperventilation, hypocapnia, lactate, oxygen, pyruvate, respiratory alkalosis, third trimester, pregnancy. 
